Context: Data from a large cohort of patients with pulmonary metastases from differentiated thyroid cancer (DTC) were retrospectively analyzed. Objective: To assess the effect of radioiodine therapy and investigate the prognostic factors of survival for patients with pulmonary metastasis secondary to DTC. Methods: A total of 372 patients with pulmonary metastasis from DTC treated with 131 I entered the study. According to the results of 131 I whole-body scan (WBS), pulmonary metastases were classified as 131 I-avid and non-131 I-avid. For patients with 131 I-avid lung metastases, treatment response was measured by three parameters: serum thyroglobulin (Tg) levels, chest computed tomography (CT) and post-therapeutic 131 I-WBS. Overall survival was calculated by the Kaplan-Meier method. Factors predictive of the outcome were determined by multivariate analyses. Results: Among patients demonstrating 131 I-avid pulmonary metastases (256/372, 68.8%), 156 cases (156/256, 60.9%) showed a significant decrease in serum Tg levels after 131 I therapy and 138 cases (138/229, 60.3%) showed a reduction in pulmonary metastases on follow-up CT. A complete cure, however, was only achieved in 62 cases (62/256, 24.2%). Multivariate analysis showed that only age, the presence of multiple distant metastases and pulmonary metastatic node size were significant independent variables between the groups of 131 I-avid and non-131 I-avid. Conclusion: This study indicated that, most 131 I-avid pulmonary metastases from DTC can obtain partial or complete remission after 131 I therapy. Younger patients (!40 years old) with only pulmonary metastases and small ('fine miliaric' or micronodular) metastases appear to have relative favorite outcomes. Patients who do not respond to 131 I treatment have a worse prognosis.
Introduction
Differentiated thyroid cancer (DTC) is most commonly confined to the thyroid gland with or without involvement of regional lymph nodes because of its typical slowgrowing pattern. Distant metastases are an uncommon event in DTC and a wide range in prevalence (4-23%) has been reported (1, 2, 3, 4, 5, 6) . Lungs are the most frequent site of distant metastasis in DTC and the resulting respiratory failure may be the most common cause of death. About 50% of patients with such metastases die within 10 years (7) . Postoperative ablation therapy with 131 I is a mainstay of treatment in such cases, in conjunction with complete surgical resection of the thyroid and thyrotropin (TSH) suppression with thyroxine (T 4 ). According to iodine-concentrating capacity (8) , pulmonary metastases are classified as 131 I-avid and non-131 I-avid. 131 I therapy is only recommended for patients with 131 I-avid lung metastases, and there is no obvious benefit for those with non-131 I-avid metastases. Thus, the characteristics and prognosis differ between the two groups. However, few previous investigations have discussed the efficacy of radioiodine therapy and prognostic factors of 131 I-avid and non-131 I-avid lung metastases separately. Serum thyroglobulin (Tg) level is a useful prognostic factor after radioactive iodine ablation and its measurement is included in the follow-up DTC patients according to the guidelines of the British Thyroid Association and the American Thyroid Association (9, 10) . Conventional chest X-ray is routinely used for diagnosis and follow-up of DTC patients with pulmonary metastases. However, pulmonary metastases are more often encountered in patients with papillary carcinoma and their radiological size is usually !1 cm and frequently below the spatial resolution of the chest X-ray. Chest computed tomography (CT) is preferred over chest X-rays and it enhances the diagnostic accuracy in most patients with normal chest X-ray findings (11) . Thus, it is useful for the detection of pulmonary metastases of DTC and is able to measure the node size of metastases accurately.
In this study, data from a large cohort of patients with pulmonary metastasis from DTC treated and managed at the same institution were retrospectively analyzed. We aimed to: i) asses the therapeutic effects of radioiodine treatment on 131 I-avid pulmonary metastases by the change of Tg level and node size; ii) investigate the prognostic factors related to 131 I-avid pulmonary metastases; iii) compare the significant factors that affect the ability of 131 I uptake between patients with 131 I-avid and non-131 I-avid pulmonary metastases and iv) evaluate the overall survival (OS) and the variables influencing survival.
Subjects and methods

Patients
From January 1997 to December 2013, 4681 patients with DTC were treated at our institution and 372 (372/4681, 7.95%) who had lung metastases yielded the final cohort with the average age of 54.25G16.08 years (range, 12-86 years). Primary thyroid cancers were papillary in 288 patients and follicular in 84. Only pulmonary metastases were involved in 298 patients while 74 patients also had distant metastases to other organs.
Diagnostic criteria for DTC pulmonary metastases
Definitive cytological or pathologic confirmation was not possible in all patients; therefore, diagnosis of pulmonary metastases was based on clinical and postoperative or follow-up chest CT findings, diagnostic or therapeutic 131 I whole-body scan (WBS) and serum Tg levels. A patient satisfying the following criteria was considered to have pulmonary metastases: i) pathological results confirmed; ii) pulmonary 131 I uptake on 131 I-WBSCpulmonary node(s) on chest CTCelevated serum Tg level; iii) pulmonary 131 I uptake on 131 I-WBSCnormal chest CTCelevated serum Tg level or iv) no pulmonary 131 I uptake on 131 I-WBSCpulmonary nodes on chest CTC elevated serum Tg level.
According to the results of 131 I-WBS, pulmonary metastases were classified as 131 I-avid (functioning pulmonary metastases) and non-131 I-avid (non-functioning pulmonary metastases). According to the chest CT results, patients were divided into three categories: i) included patients with negative chest CT but 131 I uptake on 131 I-WBS, defined as 'fine miliaric'; ii) included patients with micronodular pulmonary metastases, defined radiologically as %1 cm in diameter and iii) included patients who had macronodular pulmonary metastases, defined radiologically as O1 cm in diameter. According to the discovery time, pulmonary metastases were defined as initial (found at the time of or within 6 months after thyroidectomy) and developed (found 6 months or more after thyroidectomy).
Procedures for radioiodine therapy
Two hundred and seven (55.65%) patients received unilateral total and contralateral subtotal thyroidectomy and total thyroidectomy was performed in 165 (44.35%) cases. The patients achieved a sufficient hypothyroid state clinically with a serum TSH level O30 mIU/ml. All patients were instructed to follow a low-iodine diet for at least 2 weeks. The dose of 131 I was 3.7-7.4 GBq (100-200 mCi). Conventional measurements, including free tri-iodothyronine, free T 4 , TSH, Tg, Tg antibody (TgAb), neck ultrasonography and chest CT scan were performed before 131 I administration. Tg and TgAb were measured by RIA (from 1997 to 1999) and chemiluminescence (from 1999 to 2013). All patients underwent conventional CT for examination of metastatic lesions without the use of contrast media in order not to affect the radioiodine therapy. The CT images were obtained with 7 mm slice thickness starting from the apex of the lungs. All CT images were obtained with the patient in the supine position. Patients were evaluated in terms of metastatic pulmonary lesions and the lesions were classified according to size. Levothyroxine (L-T 4 ) therapy was replaced 48 h later and post-therapeutic 131 I-WBS was carried out 5 days after 131 I administration. Post-treatment 131 I-WBS was obtained in the anterior and posterior projections with a large field-of-view gamma camera equipped with a high-energy (peak energy centred on 360 keV with a 20% energy window), parallel-hole collimator (Hawkeye Millennium VG, GE Medical Systems, Milwaukee, WI, USA). In patients with 131 I-avid metastases on 131 I-WBS, additional treatments with 131 I were given 4-12 months later. In cases with considerable residual thyroid tissue, even post-therapeutic WBS may fail to show 131 I concentration in the lungs owing to significant neck uptake (12) , therefore, 131 I therapy was discontinued in patients with non-131 I-avid lung metastases after residual thyroid tissue was completely ablated.
Evaluation of changes in serum Tg level
After at least two courses of 131 I therapy, changes in Tg level were classified into three types: effectiveness (biochemical relief (BR)), stabilization and ineffectiveness according to our previously study (13) . i) Effectiveness: compared with pretreatment, the serum Tg levels exhibited a reduction of R25%; ii) stabilization: compared with pretreatment, the serum Tg decreased or increased by !25% and iii) ineffectiveness: compared with pretreatment, the serum Tg increased by R25%.
Evaluation of changes in chest CT images
Chest CT responses were assessed using Response Evaluation Criteria in Solid Tumors (RECIST, version 1.1) as follows: i) complete response (CR), disappearance of all lesions; ii) partial response (PR), R30% decrease in the sum of lesions diameters, taking as reference the baseline sum diameters; iii) progressive disease (PD), R20% increase in the sum of lesion diameters or appearance of greater than or equal to one new lesions is also considered progression and iv) stable disease (SD), neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD. 
Criteria for complete cure
Results
Characteristics of patients with pulmonary metastases
There were 372 enrolled patients with a predominance of females (maleZ134, femaleZ238 and male:female ratioZ1:1.78). The ratio was lower than that observed in the general series of DTC patients, which means that pulmonary metastases are relatively more frequent in male patients. The mean age at diagnosis was 54.25G 16.08 years (range, 12-86 years) and the mean follow-up period was 59.48G40.41 months. The initial pulmonary metastases were detected in 43 patients and the remaining 329 patients were diagnosed at follow-up (developed pulmonary metastases). Chest CT showed that pulmonary metastases were negative in 28 (28/ a Age at discovery of lung metastases. b For 131 I-avid group: brain in one patient, parapharyneal in eight patients, liver in one patient, kidney in two patients and soft tissue in two patients; for non-131 I-avid group: brain in two patient, parapharyneal in two patients, liver in one patient, kidney in one patient and soft tissue in one patient. Table 2 ). Significantly decreased serum Tg (BR) and favorable efficacy were observed in patients who were aged !40 years, only had pulmonary metastases and 'fine miliaric' nodes (negative chest CT).
Changes in chest CT after 131 I therapy
Of the 229 pulmonary metastases patients with positive chest CT findings, only 38 achieved CR (16.6%), 100 PR (43.7%), 76 SD (33.2%) and 15 had PD (6.5%). Univariate analyses of the factors influencing the changes of CT are shown in Table 3 . Age, sex, time of lung metastases, initial Tg level, combination with other distant metastases and pulmonary node size were significantly associated with CT changes (P values 0.0134, 0.0245, 0.0003, 0.0425, 0.0046 and !0.0001 respectively). Multivariate analyses revealed that age !40 years and node size !1 cm had favorable effect on CT changes (P values 0.0223 and 0.0008; Table 2 ). Patients with no 131 I uptake A total of 116 patients had non-functioning pulmonary metastases. Fifteen of these patients had multiple organ involvement. The non-functioning lung metastases occurred late (found 6 months or more after thyroidectomy) in 112 patients. The proportion of patients older than 40 years was much higher (non-131 I-avid vs 131 I-avidZ84.5% vs 49.2%).
After univariate analysis between the patients with 131 I-avid and non-131 I-avid pulmonary metastases (Table 4) , the significant factors related to the ability of 131 I uptake were age, pathological type, time of discovery lung metastases, combination with other distant metastases and node size. After multivariate analysis (Table 5) , only age, combination with other distant metastases and node size remained significant for 131 I uptake.
Survival rate and prognostic survival factors
The survival rate and prognostic survival factors are listed in Table 6 . Survival rate in 131 I-avid patients was 87.0% at 5 years, 69.2% at 10 years and 56.2% at 15 years. In non-131 I-avid patients, survival rate was 69.7% at 5 years, 38.1% at 10 years and 20.9% at 15 years (Fig. 1) . For 131 I-avid patients, the univariate analysis showed that survival rate was affected by age, combination with other distant metastases and pulmonary node size (P value !0.0001 for all the factors). Prognostic variables were strongly inter-related. After adjusting for other significant factors, Cox's regression analyses showed that the three variables remained significant for survival (P valves 0.00015, !0.0001 and !0.0001 respectively).
The survival rate at 10 years was 79.5% in patients aged !40 years and 59.2% in patients older than 40 years (Fig. 2) . For patients with only lung metastases, the survival rate at 10 years was 73.6%, which was significantly higher than patients with multiple organ metastases (for whom the 10-year survival rate was 34.3%; Fig. 3 ). The 10-year survival rate of 90.9% in patients with negative chest CT was higher than the 68.9% survival rate observed in patients with micronodular metastases (%1cm) and the 30.6% observed in those with macronodular metastases (O1cm) (Fig. 4 ).
Discussion
We studied a large number of DTC patients with pulmonary metastases. We assessed the effect of radioiodine therapy and investigated the prognostic factors for survival for DTC patients with pulmonary metastases. A few studies have looked primarily at the clinical management and outcome of patients with DTC presenting with lung metastases (1, 2, 3, 4, 8, 11, 12, 14, 15) . Our study differed from earlier investigations in three regards: i) we included a larger patient sample; ii) when evaluating the effect of radioiodine therapy, we explored only the patients with 131 I-avid pulmonary metastases and the factors that affected 15.00 20.00
Figure 1
Overall survival for patients with lung metastases by 131 I-avid and non-131 I-avid.
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For patients with non-131 I-avid (radioiodine-refractory) pulmonary disease, the benefit of radioiodine therapy was very limited. It was not appropriate for evaluation of the efficacy of 131 I therapy in these patients. Loss of radioiodine avidity is associated with a poor outcome. Several studies have reported that DTC patients with 131 I-avidity have longer survival rates than those with non-131 I-avid pulmonary metastasis (15, 16, 17, 18) . In agreement with the previous studies, our patients with non-131 I-avid disease had a 10-year OS rate of 38.1% compared to 69.2% for 131 I-avid metastases (P!0.0001). We further investigated the factors related to 131 I uptake. After univariate and multivariate analyses, age O40 years (P!0.0001), combination with other distant metastases (PZ0.0056) and macronodular lesions (P!0.0001) were independently significant predictors for non-131 I-avid pulmonary metastases.
Numerous studies have been performed on the diagnostic value of serum Tg measurement and have found that it is a highly sensitive means of detecting metastases (19) . Moreover, Tg level was an independent prognostic indicator for disease-free remission and death (20, 21) . It was thought that the serum Tg level under TSH elevation (O30 mU/l) was the most reliable indicator for persistent or recurrent disease. Therefore, the change in serum Tg levels (after the withdrawal of L-T4 over the course of 3-4 weeks) was considered to be a prognostic indicator to assess the efficacy of 131 I therapy for pulmonary metastases. We found a significant decrease in serum Tg (BR) in 156 patients (60.9% effective rate). Multivariate analyses revealed that age %40 years, only lung metastases and 'fine miliaric' nodes (negative chest CT) were the favorable factors. These corresponded well with the favorable prognostic factors of OS and suggested that decreased serum Tg indicates the effectiveness of radioiodine therapy. However, serum Tg was only reliable if TgAb was undetectable, otherwise serum Tg level could have been falsely lowered (21) . Thus, patients with positive antibodies were excluded from the study. The size of pulmonary metastases was usually !1 cm, which was below the spatial resolution of chest X-ray. Chest CT could enhance the diagnostic accuracy in most patients with normal chest X-ray and had an additive effect to 131 I-WBS and Tg level (11) . According to nodule size on chest CT, pulmonary metastases were divided into three categories: i) normal (nZ27); ii) micronodular (%1 cm, nZ212) and iii) macronodular (O1 cm, nZ17). The significance of this classification was that it was related to radioiodine efficacy. Micronodular pattern of lung metastases was invariably related to good 131 I uptake, while macronodular metastases frequently showed poor 131 I uptake (14) . In our study, multivariate analyses revealed that patients with node size !1 cm had a favorable Overall survival for patients with lung metastases by age at diagnosis. 
Figure 3
Overall survival for patients with lung metastases by sites of metastasis. In our cohort, for patients with 131 I-avid pulmonary metastases, the 5-, 10-and 15-year OS rates were 87.0, 69.2 and 56.2% respectively. This corresponded with the result of those reported in the previous studies (8, 15, 22, 23, 24) . Cox's regression analysis showed that the three variables, including age, combination with other distant metastases and pulmonary node size, were significant predictor for survival (P valves 0.00015, !0.0001 and !0.0001 respectively). Age is known to be an independent prognostic factor for mortality in DTC (14, 25, 26) , and the mortality risk increases with age. In our series, survival rate at 10 years was 79.5% in the patients younger than 40 years of age, while it was only 59.2% in the patients older than 40 years. Although pulmonary metastases with 131 I uptake may be stable for several years or decades, all metastases should be treated at an early stage. Favorable responses have been observed in patients with small metastases. Previously, Casara et al. (14) showed that micronodular metastasis susceptible to 131 I therapy had a good prognosis, whereas macronodular metastasis of non-131 I-avid lesions had a poor prognosis. As in our study, patients with normal chest CT can achieve a CR with radioiodine alone for long periods of time. Macronodular metastases frequently show poor 131 I uptake (14/31, 45 .2%) and poor survival rate (10-year, OSZ30.6%).
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Limitations
First, our study was retrospective. During the long study period, a few clinical data were missing, which might have caused bias in the data selection. Second, in the diagnosis of lung metastasis in non-131 I-avid patients, the histopathological confirmation was not always possible, particularly in patients with small ('fine miliaric' or micronodular) lesions. Therefore, they were clinically diagnosed based on their CT images and elevated Tg levels. However, we cannot completely rule out the possibility of other conditions, such as incidental primary lung cancers or benign lung diseases such as inflammation.
Summary
In conclusion, our study indicated that most 131 I-avid pulmonary metastases from DTC can obtain partial or complete remission after 131 I therapy. Younger patients (!40 years old) with only pulmonary metastases and small ('fine miliaric' or micronodular) metastases appear to have relative favorable outcomes. In contrast, patients with non 131 I-avid pulmonary metastases who do not respond to radioiodine treatment have a worse prognosis, and 131 I treatment should be abandoned and other treatment modalities used when tumour progression has been documented. 15.00 20.00
Figure 4
Overall survival for patients with lung metastases by pulmonary node size.
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